ABSTRACT BHUYAN, B. K. (The Upjohn Co., Kalamazoo, Miich.). Pactamycin production by Streptomyces pactum. Appl. Mficrobiol. 10:302-304. 1962. The optimal fermentation conditions for the production of pactamycin, a new antitumor antibiotic, by Streptomyces pactum var. pactum were investigated. The optimal pH range for growth was 6.5 to 7.0. The optimal temperature for the growth of the culture and the production of the antibiotic was investigated in a medium containing Cerelose, blackstrap molasses, Pabst yeast, Kay Soy, CaCO3, and KCl. Since maximal growth and maximal production efficiency was obtained at 32 C, all subsequent fermentations were conducted at this temperature. Pactamycin was bound to the mycelium in different amounts, depending on the fermentation conditions, and could be extracted with acetone.
in a medium containing Cerelose, soy-peptone, calcium carbonate, and potassium chloride. Analysis of the biochemical changes during fermentation indicated that pactamycin was produced during the later autolytic phase.
Pactamycin (NSC 52947) is a new antitumor antibiotic produced by Streptomyces pactum var. pactum. The antibiotic is active in vitro against KB human epidermoid carcinoma cells in tissue culture and a variety of grampositive and gram-negative microorganisms. It is also active in vivo against a variety of tumors in mice and hamsters. The announcement of the antibiotic and its biological activites (Bhuyan, Dietz, and Smith, 1962) , isolation and characterization (Argoudelis, Jahnke, and Fox, 1962) , and the quantitative paper-chromatographic method employed in the determination of pactamycin (Brodasky and Lummis, 1962) have been reported previously. This paper describes fermentation studies with S. pactum.
MATERIALS AND 1\IETHODS
The culture used for the production of pactamycin was a strain of S. pactum var. pactum, maintained in soil. The inoculum medium consisted of (per liter): glucose monohydrate, 30 g, and Pharmamedia, 40 g; the medium was sterilized by treatment at 121 C for 2.5 min. The inoculum level was 5 ml per 100 ml of medium; incubation was carried out for 48 hr at pH 7.2.
The fermentation temperature was 32 C. A GuImp rotary shaker (250 rev/min, 2-in. stroke) was used. Each 500-ml wide-mouth Erlenmeyer flask contained 100 ml of medium.
Pactamycin was determined by the quantitative paperchromatographic procedure described by Brodasky and Lummis (1962) . Total carbohydrate was determined by the anthrone method (Mlorris, 1948) , and reducing sugar was determined by the colorimetric method of Nelson (1945) . Ammoniacal nitrogen was determined by the method of Gailey et al. (1946) . Mycelial dry weight was determined by centrifuging 10 ml of broth, washing once with 5 ml of 0.1 N HCl and twice with water, and drying overnight at 100 C.
Cerelose (glucose monohydrate) was obtained from the Corn Products Refining Co., New York, N.Y. Soy-peptone is a water-soluble emzymatic digest of soybean meal in spray dried form, obtained from Sheffield Chemical Co., Norwich, N.Y. Pharmamedia, a finely ground powder prepared from cottonseed embryo by a low-temperature oil extraction, is available from Traders Oil Meal Co., Fort Worth, Texas. Kay Soy was obtained from Archer Daniel Midlands Co., Chicago, Ill.
RESULTS
Extraction of the antibiotic from the mycelium. Because pactamycin is bound to the mycelium, an extraction procedure was developed to determine the total amount of the antibiotic produced under different fermentation conditions. The process consisted of adjusting the whole beer to pH 2.5 followed by extraction of the whole beer with an equal volume of chilled acetone. It was observed that, depending on the fermentation conditions and the age of the fermentation, the acetone extract contained 1.1 to a times as much pactamycin as was present in the filtered beer.
The pactamycin titers of the clear beer and the acetone extracts, obtained from various fermentation media, are compared in Table 1 . In this paper the pactamycin titers are expressed in terms of the acetone extract.
Effect of temperature. The effect of the fermentation temperature on pactamycin titer is shown in Table 2 . It was found that growth and pactamycin yield were optimal at 32 C. Penicillin fermentation has been shown by Owen and Johnson (1955) to have an optimum of 30 C for the growth phase and 20 C for the antibiotic-production phase.
PACTAMYCIN PRODUCTION3
Similar experiments with S. pactum, in which the culture was allowed to grow at 23, 28, or 32 C and was then transferred at the end of the growth phase to a different temperature for the production phase, did not result in increased yields. Therefore, all fermentations were conducted at 32 C.
Effect of seed media on pactamycin production. The effect of different seed media on antibiotic production was investigated and the results are shown in Table 3 . Good mycelial growth was obtained in all of the seed and fermentation media, and the pH during fermentation was the same in all cases. Since maximal antibiotic titers were obtained with the Cerelose-Pharmamedia medium, it was used in all subsequent fermentations.
Eq'ffect of pH on the growth of S. pactum. It was found that the optimal initial pH for growth was between pH 6.5 to 7.0. Very little growth took place when the pH of the medium was below 6. Therefore, the initial pH of the fermentation medium was adjusted to 6.5 to 7.0.
Effect of carbohydrate source. The effect of various car- (Table  4) . However, the best carbohydrate source depended on the nitrogen source used. Thus, with soy-peptone as the sole source of nitrogen, Cerelose gave higher yields (216 ,ug/ml) than a mixture of Cerelose and blackstrap molasses (140 y.g/ml). A similar effect has been reported for chloramphenicol (Smith and Hinman, Progr. in Ind. Microbiol., in press) and novobiocin fermentations (Smith, 1956 Cerelose, 10; blackstrap molasses, 50; CaCO3, 5; and KCl, 3. t The Pabst yeast, Kay Soy, and (NH4)2SO4 were used in the following concentrations (g/liter): 6.5, 13, and 2, respectively.
t The mycelium was obtained from a previous pactamycin fermentation and was dried at 100 C.
BHUYAN[
Biochemical changes during the production of pactamycin. The biochemical changes taking place during the production of pactamycin in a medium containing Cerelose, blackstrap molasses, soy-peptone, calcium carbonate, and potassium chloride are shown in Fig. 1 .
The utilization of amino acids and peptides as the carbon source during the first 48 hr resulted in the liberation of ammonia and a rise in pH. Very little carbohydrate was utilized during this period. Although some ammoniacal nitrogen was utilized during the next 24 hr (48 to 72 hr), the pH continued to increase. Autolysis of the mycelium, as indicated by the decrease in dry weight, liberation of ammonia, and a rise in pH, started at about 96 hr. However, the autolysis was not due to the depletion of nitrogen and carbohydrate in the medium. Analysis of the carbohydrate content indicated that only the reducing sugar present in the medium was utilized. However, autolysis was not prevented, nor increased pactamycin yields obtained, by either increasing the reducing sugar (Cerelose) content or by intermittent addition of Cerelose to the medium.
MIost of the antibiotic was produced during the later autolytic phase of the fermentation. The difference between the pactamycin present in the clear beer and the acetone extract indicated the amount of pactamycin bound by the mycelium. DIscussION Different amounts of pactamycin were bound to the mycelium, depending on the fermentation conditions. The The fermentation medium contained (g/liter): Cerelose, 20; blackstrap molasses, 50; Difco Soy Peptone, 30; CaCO3, 5; and KCI, 3. higher concentration of pactamycin in the acetone extract was probably due to the lysis of the mycelium at the lower pH, thus releasing and converting the amphoteric pactamycin to the more soluble hydrochloride salt.
The carbohydrate source optimum for the production of pactamycin depended on the nitrogen source used in the medium. Thus, in a medium containing yeast, Kay Soy, and ammonium sulfate as the nitrogen source, a mixture of Cerelose and blackstrap molasses gave higher yields than Cerelose alone. The blackstrap molasses could not be replaced by sucrose and blackstrap molasses ash. However, analysis of the fermentation medium showed that only the reducing carbohydrate in the Cerelose-blackstrap molasses medium was utilized, the nonreducing carbohydrate concentration remaining the same throughout the fermentation.
Pactamycin was produced in the later autolytic phase of the fermentation. Autolysis was not due to the exhaustion of the carbohydrate or nitrogen in the medium. Addition of a mixture of vitamins, amino acids, or inorganic salts did not prevent autolysis from occurring by 96 hr and did not result in higher yields.
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